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PROBLEM TO BE SOLVED: To lower operating voltage 
and to improve the efficiency of light emission, by a 
method wherein the band discontinuity between the 
upper clad layer of a semiconductor light emitting element 
and a current diffusion layer is alleviated. 

SOLUTION: An intermediate layer 55 is provided 
between an upper clad layer 54 and a current diffusion 
layer 56. On the intermediate layer 55, the energy position 
of the lower end of a conduction band and/or the energy 
position of the upper end of a valence band, before 
junction is positioned in the midway of the energy position 
at the lower end of the conduction band of the upper clad 
layer 54 and the current diffusion layer 56 before junction 
and/or the energy position at the lower end of the valence 
band. Semiconductor material, with which the lattice 
constant value is in the middle of the lattice constant value 
of the upper clad layer 54 and the current diffusion layer 
56, is used. 
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[»*k i ] jb i m*M<Dfc&to*m»mtiL t . 

#Jg 1 (::E*t£>¥Wff##iK^«, 

<&b t m&m<Dmnm$:mm<Dmm*& ±m<o^^ 

[1**35 4] mfffifBHSas. mflE±SU^7s/ KSi^» 

(ffl.U n>l) Jd3ESa*^S^e><c!?, »k*BBS 
(fiU l^k^ (n-1) ) MM (k+l) flBHl- 

[»#*6] «FE*IW»^. (WE-bS^?* K«^« 

1 ^wia^&mEmwttttJii-s+sm n 4>nra 

({ILU n>l) IkW 
(ffiU l^k^ (n-1) ) <©»^-^«<0«tt» (k 

+ 1 ) ^ws^ft^-^K^tt^Jt^-c, m±.n? y y K 

^^/^-ffiBa^ »-&«r<7>SftE±Si5^ 7 ^ K«tf>fc 
*#T*<^*^¥--{Sfi <t »-&fl9^StrE««Ett»»0 



(2) ^HH^9 - 2 6 0 7 2 4 
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-ffiBtOBB^ffiBL, ££>(~, K*PflS^»^-^» 

7£&i:<DtpWl<Dm$: : fi-fZ>. 1 t-EKO^*#* 

8 ] flSE*MJBid s . HdE±as^ 7 y KJlfcUK 
*PflJi^e>B9E««c*£«S«-lS-r-5»n*MS 
«aU n>l) t^SlgSOJSa^fc 1 ^ Sk+PflS 
10 «§.U 1 ^ k ^ (n-1) ) fifg (k+l) 4»PflJSt- 
it^T. ffi^flu^-€:^eWfflrTSa<0^^/u^-ffiB^S 
^S9^g«±ffl^ 7 y KS^e««TSa^>^^/^^— f4B 

1 ^Ei&O^*****^ 

IBI*« 9 1 WE*WJi<^fflric^. ftulEJb^ 7 * K 

js tomtit** h #1 e«se«;«ji <Dm& a> w- t»r«j 
20 ft lti^^k a^niEtt^^w****^ 

[«*3Sl 0] flirE«Jf«ifi#A 1 G a I n P7frlt& 

fa¥m»tt&frfi>mf&zti. sftE*ras^A iuas 

m 1 tiiEtt^^Wfls:***^ 

i i ] mmmmm&&A 1 g a i n p^ft:^ 

fe^W»^M^tl, ME^PflW^G a A s 

{t^^^w^fb^^n. mE«aei£KJi^A 1 

30 1 fcEtt<©¥W*##*^-o 

[B*« i 2 ] mimmmmRximm^m^^-rti 

h A 1 G a In P ^fb^^^Wm^^J* S *W BU 
IfillMI^A 1 Ga P*ft:'&«J^*»:«-W3&^«J5E 
^i^TV^5 x 1 ^E«O^Wft:*3te*^-o 

1 3 ] flaE+BHJB^^r-y y Tift«dS*?j 1 x l 
0 17 c m-'«±j&»0 1 X 1 0"cm^Tt'fe5, It* 
« 1 ^E«^*WflE*ft*^-o 

HS*3Sl4] ff!fE*WJi<z>ffS* s «lO. OUmH 
Jh^OJfiS /i m«T"C*)S, 1 ^EftO^ff* 

40 ^^^F- 0 

[0 0 0 1 ] 

*>D. ^ICI, A 1 G a In P m*Pt<D «t 5 

[0 0 0 2] 

[^3K^a^] A I G a I n P»»«l*, *ft»*l»< 

50 I I I - v^f^ti^^WW^^Tfi^^ilffil^M 



3 

^yK^'t^^l, M#0. 5-0. 6^m^ 
^RM^-tytyt LT&@ ^ixTi/^o $M-. GaAs£ 
mfok U rtltC^^-S^-T^A 1 G a I n P 

" K (LED) 13, g*(OGaP^GaAsPJSWfla 

[0 0 0 3] BJ¥S<^LED*^J*-fSfc*(w{^ 

[0 00 4] Bl lit AlGaln PThftftZM^tc 

wjtn*:^z>. «aiia§LEDi i o o<nm& 

[0 0 0 5] LEDllOOX'ft nlGaAsfftl 
1 1 0<D±.tC^ niA 1 G a I n PT^7'7 KB 1 1 
20, AlGaln P?£i£B 113 0, p^A 1 G a I 
nPlB^7y K1114 0, WplGa PflStffiK 
Bl 1 5 0#«3M»B£*LTV^o £ ^ piGaP 
IS^fll 1 5 0<£>±ia*pMm^l 1 6 0«^ 
tb, Sfc, nUG a A slil 1 1 0 <7>T® n 
Si 1 7 0as?lMi5*U ^tliaotLED 1 10 0^ 

[0006] ledi ioo -eia, ««£ttSkS 1150 

©ttfl'i: LX p 12 G a P ^rffli^TV^-So 1 1 

SO^MWiLTft plGa PCOftHi^pSlA 1 G 
aAs»f)WI§ 0 L^L, pSGa P(*3tSi8* 
Wl^iWplA 1 G a A s J:^^^T\ ft 
«tffc*JB l l 5 orim&tt&k LTG a P£/fil^5»& 

mis. ^ft^aua^sfpii-rs^tfcicmsEoa:^ 

ft MB W t> it o T K v Mf Site £ ft «T 6^i^T^ 

S. 

[0 0 0 7] ±»©LED110 0fll pSGaPf 
ffi&mmi 1 5 0Ji s p^jA IGalnP^^Fil 
l 4 0(D±ir^ B s a ^ftt-i:or?fM$ixTi^ 0 
U iOt#, iil5#^»^■S»03SV^^ib, plG a P 

mffi&mm 1 1 5 o^afittds+»^fiff*f)^T*ii* 
[0008] z.otsim&Mik-i'Zitibi^ mz.\t¥tm¥- 

6-2 9 6 04 0^f|:il ^XfCOX 9 # L EDSU 1 
*©Mii#&#«*S;ftT^£o 111 2 (a) - (c) 
tt, ±fe^^S(;:ilf)^£;ixT^&LED 1 2 0 0©* 

[0009] LED 120 OOSiill^fcoXtt £T 
B 1 2 ( a ) K^rf J: ? Id. niGaAs g& 12 10 
CDlCnSA 1 G a 1 n PT^^ 7 y KB 1 2 2 0 . A 

1 G a I n PSH4B 1 2 3 0. &U<p^A I Ga I n P 



(3) ^9- 2 6 0 7 2 4 
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±SP^ 7 3/ KB l 2 4 o^Pl&aiJi-tSo :H^nS 
T£P^ 7 KI 1 2 2 0. ?£t£J§ 1 2 3 0, WpSi 
7 y KB 1 2 4 0tc£oT, LEDI 2 0 0 <D^%.% 

[0 0 10] &^T\ pSA I G a I n P 7 y V 
il 2 4 0(D±C 4 pgJG a P^^'7^@l 2 5 0 
fttS, G a Pdf + y /i 1 2 5 0©±|:, p^ 

G a PSfil 2 6 O^feffittfe-ifcS^TBdB-rSo $ 
plG a PS«1 2 6 0©±i:i8S4i^^I!? 

io 127 o£rfiHt. H^iMt^-r^e 5 otr^a 
i 2 6 o tzm^z^Zo m&maz, ^<D P mcaP 

mm 1 2 6 0ft MISLED 1 2 0 0<7>S8d«;» 
fi 1 2 6 0 £ LTatg-r^o 

[0 0 11] *<omZL. Hi 2 (b) fcjjvt*?^ P 
SG a PSjfctfciftB 1 2 6 0<D±.Kpmmmi 2 8 0 
fiRK^Pir^Xt/^y^^^J: <9?fM*t5 0 pI 

a A sl^l 2 1 O^x-^y^U 1 0 n mU&COm 
20 SKLfcSi::* niGaAsSSl2 10©I®4#li 
t>/:oTnSI(il 2 9 0Mt6 (012 
(b) ) D 

[0 0 1 2] 812 (c) M^-Tcfc n 

2 9 O&tfG a AsS^l 210^7tbyy 
^77-<-i:J;»)iii»ttl^3'f^Lt, LED 
1 2 0 0«r»S o 

[0 0 1 3] ±|B^KWUfcLED 1 2 0 0 ~CJ*. 
fcftScBl 2 6 0^j;6plGa PS«£. GaP^ft^ 
yil 2 5 0(^lMgg^t^ mt^J:^. p^G 
30 a P«SEi£»B 1 2 6 0 £ <t # 

"C*T. ^«ttdS|6l±i"5, J!£iIM4<Dft^S«4: 

1 2 6 0&»*r£j&s-C££fc«>t^ #<7>&9ftL3a^ 
^InI±i-5, SfeJ^ nlGaAslSl 210SU^n 

sm*&i 2 9 o^®ej/«(^^-^>^- 

£ 0 

[0 0 14] 

40 [#Wa s WfcLJ:5i:1~*a«i] *K»© J: 5 ^«fiR4r# 
iTh L E D 1 1 0 0 -ett, P iA IGaln P Jt^P^ 7 
yKilUO^ll:, pSGaPtttiil 150 
ifrMflLZflZo r<^i*, p®Al Ga I nPl^7 

* KB i i 4 o k p^G a Pm«t&i$:B l l 5 o k<vm 

(DftffiXlt, x-^As^—sO hVp7 7^/H^I fey 

t**;b^*&8to s £££o — ledi 200 

pSA 1 G a I n P±Sli^7y KB 1 2 4 OCOJ: 
pHGaP^t7^1i 2 50^LrpSGaP 

fitetii 2 6 0^»fiSStt5^ ± 

50 m^y y KB 1 2 4 O^WdtWT-feSpSA 1 Ga 1 
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nPt, 1 2 5 0Xtf«8H£»H 1 2 6 OCT) 

[0 0 15] ^ O J; 9 hVo 7 7 ^ ^ 

s/^cDSSdEl-o^-C, [ill 3 (a) - (c) 

[0 0 16] -KI^SWfflPiiW^TD^Ii *g 
Hi 3 (a) - (c) li. & 4 ~? I yilKD^tl 

[ooi7] arm nmm&zmmki,tik%<nfc 

<0ffi«- : ?-«r±Sg<03i*/U^-ffiK©S (AEv) 

Oltt, #J*lte\ Appl. Phys. Lett. , Vol. 60, No. 5, p 
p.630-632 (1992) \Ztf £ ttTl/^Sandip Tiwarib* 5 * 

fcfc^*^*^fcBBB«*»fc#S r t 5 0 
10 0 1 8] ±iJ©LEDl 1 OOTIt p^lAlGa 
I n P±^5^y y KB 114 O0>±KpS!G a Pl» 
Ml 15 0^/££;K£ o r pSAlGa I 

n P±&? 7'7Kill40blGa PSflSttlRJi 1 
1 5 0 t ^^^Sl^lj6^^/^^<y K/p 7 7 

Ml 4 (a) - (c) Sr#RaLT»flt5 e 

[0019] pi (Al.Ga i-O osi 1 n 0 .«P (M 
5ttfx=l) tplGaPiSrft^tS^ S^SftO 

ftjjcomzx vm 1 4 (a) ^-rffiaiHffiriSo - 
*w*. 5fcK^b&iai 3 (b) ©^-r^in^a-r^o 

w^aft^/t'^-fiBIHtRiifc-S pM (A1.G 
aij o. s ,I n<,«P£ piGa P££g^-f 
9*atliBl4 (b) fc^f«fc 5*^/^-^^ K 

ty^iftSH. e*»T«-e0. 2 5eVT?fc 
[0 0 2 0] ^^—^l/YzfvyTJM^OlWl 
[0 0 2 1 ] ^LfcLED09idfW^fi^fS]^^T 
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TWVMw^ol^T. Ull 4 (c) (C^i^J: 9 {OzCD&'&M 
\zfafr<>X%Mfrb*>--& (h) SfcfeffiW^* 1 ?- 
(e) 7^{&&£;ft6 0 «»^ttfe«^*»a±l*A 1 
Ga I n Pt£Vkmvm&-£-f%t)K -t«?SH»(±2}— 

piA 1 G a 1 nP^7',yK8i pSG a 

pmmtiLWLmk<DRm^mirz>o ^<D^m^m^tcm^ 
nil 4 ( C ) (ca^wi-^-ri-pt-, m^i*-/^^ 

[0 0 2 2] $ <b(^ (A I ,Ga,J », I n„.«P 
^GaPtWa^timS. 6 5AM5. 4 

MA l G a I n P/plG a PffffiKI*. #&<E>#ffi2|S 
[0 0 2 3] plA l G a I n P/pSG a 

{E*tf>«j£<D¥*{*##ili^ (LED) T'H 
K7°P77-i'/H:#ftt67 + 9 TOiit^ 

30 nmm m^mmm) zmvmtz* 

[0 0 2 4] r<7)J; 0 ^^SWx^/^-/<y K 

7*077^^*51^; ^f^Wlt, «*t? 

cd^> K=¥-t y^^SSds-ttL-^ttE g lME g 2 
(Egl>Eg2it5) "CfcSt*!-, Egl>Eg 
3>Eg2 ir#£ J: K^r^^^E g 3 

[0 0 2 5] y<> K=¥+ ^^^C^^^^ix^E g 1 
WEg2Tfo5 2 0(Dl^ni^ »<>K 
^■vy^B«r»»t*^nH Hi 5 (a) l^-T £ ? J- 
S^«^>^*/^— K^n77>f/H:tt*^*; ^ 
f^4i:5o mi^Lt, Hi 5 (b) 

50 ^f-r ^7'«lc:B8t>5 2o(Z>*ffii^»«kLT?grit$<xSr 
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tKfc^ tt*Wt-. vmKZ £aMB;«i**t 

[0 0 2 6] L^L, /<yK^^*^Eg^ 

[0 0 2 7] ##911*, ±ffi»JHSr«*"**' < <**^ 

j y^cDt&m^^/Jkw ? y vmtnMmkmiKo 

[0 0 2 8] 

i«©±i:»«JftfcM«a-C*o-C, '>*<fct># 

mM^T^^ 7 7 k« 2 ^mM^> Ji^^ 7 7 ks 
[0029] ffim^mmte. mm<Dm^A,x^^xhx 

[0 0 3 0] fcSHMitll 99E*PflJitt. 

[003 1 ] «KOHft»«"C»*, lKfE^W/i^. h8E± 
7 7 KH^S-fS* i *MS^?>S(lE«SEtt:«S:il«- 
»1-5fBn*WJJt (fib. n>i) K.S5«S<z>Jia>S> 

#9, «au i (n - i) ) nm 

^ 7 7 KB<Bffie^W±«^*>^-tei**- * 9 ifi 



( 5) ^»9-2 6 0 7 2 4 
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[0 0 3 2] $kKte<z>li*^teTM*, fuJEfMB^ft 
-TSSis, BftE-tSfl^ 7 7 KS^I&^F-^KtHSESSEte 
fife fi ^ £ ift £ ^ * ffl <£> ffi £ *T t* 6 o 

[0033] $ h\a&<Dnmmx+te. mtz*r$M&, 
w\m±%w 7 s/ vm^m-r^ 1 +rfl»^?>B9E«a£tt 

iIl:gf6inTO (fflU n>l> KS5lS*a> 
S^b*9. Sktffli (fib. l^k^ (n-1) ) 

<Dte*'£$k<om±% (k + 1 ) tma^s^^^fit- 
10 Jfc^T. g£-h£fl^ 7 7 Ki©» : f'SS^ffil-«t 9ifiV\ 
[0 0 3 4] $ ibt-te^HftjeiB"^^ BSE^MBJi, 

^^<7>^E««tt«S^e*#TfiH^^^/^=¥-ffiB i: 
\C R*MJg<^»-7-^*ds. K±ffi^7 7 KJg^l*^ 

[0035] $ h\^<D%mmmx\^ we^bus**, 
mrE-bas* 7 7 vm^m-tzm 1 *iwJia>fcttE*««: 

«feSt-«-r-5Sn*MJB (fib. n>l) M^£«ft0> 
H^e>*f9. SktPflB (fab. l^k£ (n-1) ) 

(k + D ^rajn-tb^r. m&ffi<o*<DmmmT 

30 iS< , ^rO»^3e*Offl«K±as^ 7 7 K«(Z)»^*» 

[0036] s h {^(D-mm&mxte. nt\m*pmm<om 

[0 0 3 7] $ biCftii^ll^flgT^. lfiJE«»«ifi2 s 
A 1 G a I n P*{k^»*W*»»^e>«**H, BUfS 

*t,, mfE«att8fcS35SA 1 G a P^{b£^^#W^ 

40 [oo38]$ b\^m<DmifeMMx*te. mmmmffi&fc 

A 1 G a I n P^ft^tt^WfrW^feWfiK*^ BUfS 
*|BWia s G a A s P*^»**ffH»^P,«rtSlx, 

mmm&mmfrA 1 g a p*ft-&*¥W»tts^?>« 
[oo39] $ p>(-te<oie*»*B^i*. ME«Ji«ifi& 

^ffifE^MJBja^^Ht A 1 G a I n P^ft^**** 

WE«*tt«kW^A i Ga p^fk^ 

[0 0 4 0] #£L<hfc, SdE*M«^^ir y 
50 JKJ 1 X 1 0 " c m J ^±^^0 1 X 1 0 19 c m'*UTXfr> 
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[0 0 4 1 ] #*L<tt, jfflE*IHS<0«Sastt 

0 . 01/i m^ii^O&J 5 ix mEITt'fcS, 
[0 0 4 2] EJLT. flsfflldoiNTift9Ji-£ 0 
[0 0 4 3] m^yw^r— 7 r ^1-4 £ 

spl-B (Aflsttl-tt, 7 * KB&t*fiSK«:»B) t- 

KB&tfS^ttt&Bl-^-r:, CWfflfTdS^flfiS 

[0 0 4 4] ^rT% ffi'&flffO-t^eaWffirTia^^i*^ 

B t «-&*f <£>«8E«:tt 

3W B 1i^it6:^iao-c, y s/^as+raB^ffi 

[0 0 4 5] y ^^<7?ii5S^fi:«Sixtttf. y :y 

[0 0 4 6] :oj:5^y^»i)«i^^^ 

[0 0 4 7] ±SU^9s' KJB i: ««E*£«JB i 

[0 0 4 8] ±EO*3^»^**£&«ft"*'£ 
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[0 0 4 9] *BBB*1fi»^BJ: "9«/*i"tt(i\ J 

[0 0 5 0] Zbl^ *PflB*. *0»f£a s ±S&^ * 

So 

[0 0 5 1 ] 

l^C. M^t-K(LED) 100 
^ |1 (a) Xtf (b) *#§LtS«tSo EI 1 
20 (a) I*. L E D 1 0 0 (O«jjt«r^t!»ffi0T-fc 0 , H 
1 (b) I*, LED 1 0 0<D±%$?7V KBd^SSEtt 

«Bi-*Mtr^as«®^«^ffffi^^WS^ /U:¥ "" 

[0 0 5 2] EI 1 (a) t^i" <fc LED 1 0 OT 

t*. nlGaAsSlil 1 <Z?±M. ni (A 1 ,G 
a i-O o.5» I no.«P (0 ^ x ^ 1 ) T95^ 7 y KB 

12 <#]*.#, x=l. 0fttW£»l. 0/im) . 
(A l,Ga,J o. si I n 0 .„P (0^x^ 1) ?£teB 

13 (flflxJi. x = 0. 3&tfl¥£#*J0. 5^m) . & 
30 t^pM (A 1 ,G a.-,) o.s. I n 0 .«P (O^x^l) 

7 3> KB 14 (0»JXLtf. x = l. 0XtWfS*J 
1 . 0 /i m) Sr. PK^B-rSo ^<D?*o. nSA 1 G 
a I n PTfiS* 7 S> KB 1 2 idti. ^-V y TSS^^ 5 
X 1 0 1T cm- 3 t^J: i ^ K-/SiiT^5. 

— pSAlGaln P±SP^5^ KB 1 4 (Cfi. 
t!i7M^5XlO"cm^/j:^J;5^ Zn^S 
K-^ , ^n"CV^So r;ft,$>OnST§lS^7S' KBl 2, 
gttil 3, Xt;pS±fflS^7'7 Kil 4tCto^ L 
ED l 0 0^5g*aJ«:'&tfaB«!jfidsJKfiESnSo 
40 [0 0 5 3] ^^X\ pSA 1 G a I n P±&^ 7 y K 
Bi4co±(c:, pSA 1 T I n,-,A s ^PfHB 1 5 (0»Jx. 
^ y =o. 7 9^I/1¥^^J0. 1/im) ^ffiB-TSo 
rcOpSA 1 I nAsWl 5«j:ii. TjBflW* 

So 

[0 0 5 4] p^A 1 I n A s ^PbIB 1 5 <D± 

\a*. p^Ga Pl»SS:Il 6 («*.tf. »Sft7 M 
m) ^^>plGa P«SKtt«Bl 6t^(i. 

7gf^2 X 1 0 IB c m- J <!: /«CS «t 9 t-Z 
50 K— ^SftT^So 
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[0 0 5 5] piGaPf»fiWIl6^1{^) 

^Au-zniiMiu, z.fr&fflx.imBi^<? 

-ny^LTpitil 7e^t2)o — GaAs 
m&l l^TDSi-li. fl^tfAu-GeB^bftSnS 
Igl 8?rIS{a^Mt^ 0 r^lcJcoT, LED 

1 0 0 7^J&-f 6 0 

[0 0 5 6] 01 (b) J*. ±|EC0J:5t-LT^fiE$ix 
^lilOLEDlOO(^lj5, piA 1 G a I 
n P±£tf^ 7 :V KB 1 4 pSG a PlICTI 1 6 

[0 0 5 7 ] jfcdia 1 4 (b) Sr^fiBLTlftWLfcJ: 5 
ld % p^A 1 Ga I n P ±t$y- 7 y KlipSGa Pt 

«k B <h ^ M Id * ffl S £ * L * 1/ ^ *<Z> L E D "C I 3 , 
piA 1 G a I n P_kffl5* 7 ^ KB <h piG a Pl« 

0. 2 5 e vwy «4t, ffit^iffilcij:^ 
yU^r — H 0 . 2 9eVOyjxf^«4t5 0 ^tUd^tb 

p^A 1 G a I n P±Stf^ 9 y Ki 1 4 i piG a Pi 
8E*£«Ji 1 6 tOPJJtdpSA I I n A s ^PhIB 1 5 

5B*i"5J: 5ld&6 0 C*»T*a«-**i-S 

[0058] z-v>mtnj *y*?<Di&mz£y. *nm.MM 

ofcftff««2 0mA^B#<O»(^«:ffidS#?l2. 4 V {dig 

So 

[oo59] <s& 2 <ommm> *#w*>se 2 tomnm 

ED) 2 00^ i2 (a) (b) Sr#flaUTKM 

-f£o 0 2 (a) fcJu LED 2 0 O^Writ&^t-WrffiEl 
0 2 (b) fi, LED2 0 0^±9S^?5'Ki 

^hmm,^mm\^nx<Dmmmm<Dm^^m^^'f ^> 

So 

[0 0 6 0] 02 (a) \Z7jk-f£5\^ L E D 2 0 OX 
li. nlGaAsl«2 1(Oi{: N ni (AUG 
a ,..) o. 6 , I nc«P (0 ^ x ^ 1 ) TStf^ 7 S> KB 

2 2 x=l. OXtWSttl. 0//m) , 
(A 1 ,G a ,..) o.s. I n 0 .«P (0 £ x ^ 1 ) ?£teB 

2 3 x = 0. 3XtW¥£#?J0. 5 /i m) % R 

Xfpm (Al.Ga ,-.) „.si I n 0 .«P (0^ x £ 1 ) 
Jbg|5^7^K@2 4 (#Jx.l*\ x=l. 0»t/S*fi 

1. 0/im) HHScffiB-TSo w0>9*>. n f A 1 G 
a 1 n PTS^7^ KB 2 2MI±. **IJTjfiKjWKJ5 
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xio !, cm- 3 ^^J:9^Si^ K— ^$iitv^ 0 

— p§!A 1 G a I n P ±$$1? 7 y KB 2 4 Kli, * 

?£t£B2 3. Wp®±^^7-7Kl2 4(Cj:or, L 
ED 2 0 0^5g*ffiSr-&tr«S«JS3a s ^fiK$tiS«, 

[0 0 6 1 ] JfcV^-C. piA 1 G a I n P±£tf^ 7 y K 
i2 4©iC, pSAI,In, 1 Asil+Pfl|25 

(Will y = 0. 8 8&tW¥£#J0. 1 ^ m) , Rl/ 
10 P SAI I In,,Asg2fffli26 (Wttf, y = 
0. 7 2&UWSJKJ0. 1/im) ^WHi^B^Sc 
m 1 XtffS2<Z>p£!A 1 I n A s *PflB 2 5&t>*2 6 td 
i*. V rm&^tti^ti^) I X 1 0 I8 c m'hteh 
X.?\Z- > Z n a* K-^tb-C^So 

[0 0 6 2] £<bK, S2(^)pSA 1 I nAs*[WB2 
6<D_hld^ P lGaPl«tl2 7 (0*Jx.tf, ff* 
^rJKfigi-Se :©piGaPlSMl2 7 
fclte. ^rty7S$^2X 1 Ccm-'tftSJ:?!- 

20 [0 0 6 3] Wl, piG a PijSMl2 7 <£>±l£0« 

-^>^LtpItS2 8«:MtS« -*\ GaAs 
Sfi2 l<Z>Tffit-KJ\ t«xliAu-Gell!^e»45nI 
m*^2 9^^^id«t DffM-TSo r*Ud <fcoT, LED 
2 0 0*S^J5fi-rSo 

[0 0 6 4] 02 (b) it. ±E<oJ:5tdL"C?gj«Six 

S*3UK?e*8^LED2 0 0(d*3l*-5. piAlGal 
n P±S5^ 7 s> KB 2 4^PjpSG a PiS*£ii2 7 
\Z.t>*l'}X<D3L*/\'*?s<> K/P7 7-f^^1S^^ 
30 tit^^o 

[0 0 6 5 ] 5feid0 1 4 <b) &#!HLTR9§LfcJ: 5 
pSA 1 G a I n P±gtf^ 7 ^ KB t plG a PIS 
«*£SkJl^<Z>Pflid*|BJJi*^L*V^*OLED-efi, 
piA 1 G a I n P ±$V>? 7 y KB plG a P 

0. 2 5 e VCOy y^3&S**L. ffimT-«-b^(dli^^ 
/^-iO. 2 9eV(Z);'7f-W4t6o ^nid^L 
T N *^«l«o TM^tlS L E D 2 0 0 tli, 
piA 1 G a I n P 7 y KB 2 4 i pSG a PS 
40 «^»B2 7 t^Pfl(dSBl&U c SB2^>pfflA 1 I n A s 
tffl!2 5X1^2 6^A-rsC^ldJ:i9. y yf* 5 » 

[oo6 6] z&mtts y?~(Di&mz£*) . ^mmmm 
ia^LED2 o o-ei*. '&&&Wixtem2. svxfo 

o/ciM!2 0mA^«tiI^2. 3V(d{£ 
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[0067] («3 <D%mmm) *&m<om 3 <D%mj& 

ED) 3 0 0^ H3S:#fiaLXiftW*rSo i3it L 
ED 3 0 0<7^j££^-f ^^T*£>3 0 

[0 0 6 8] g| 3 t^i-J: p Id. LED3 0 0tU n 
SGaAsS«3 1©±^ ni (Al,Ga,J«, 

I n 0 .«P (0 ^ x ^ 1 ) TS^ 7 3/ KS 3 2 (#J*. 
tt\ x = l. 0Xt/ffS«Jl. 0//m) , (A 1 ,G a 
1-,) 05.Ino.49P (O^x^l) ?SteB3 3 
fct\ x = 0. 3&T*m&ffiO. 5 /1 m) , &T>*p^ (A 

l.Ga,-,) o. 51 I n 0 .«P (O^x^ 1) ±^7;y 

KB 3 4 x = l. 0&tfJ¥£#*Jl. Oiim) 

Pl^aBi-^c :<?)H, nlA 1 G a I n Pf^ 

^^s/KH3 2^tt. y 7SS^5 X 1 0 ,7 c m 
■ 8 t*SJ: 5 t-s i # K-^$tLTV^^, 0 -^r, P SU 

1 G a I n P_L£fS^ y y Kg 3 4 dte. y TjRffidS 

*?J5 X 1 0 I7 c m' 3 b Zn^K-^tlt 

V^ e ^t,^nIT»^9 3'KS3 2, 
WpS±^^7^Kl3 4CJ:oTs LED3 0 0<£> 

[0 0 6 9] plA 1 G a I n PISES' K 

@3 4<D±(C N pMG a A s.Pi-.*|fflJi3 5 (#Jx. 

fcfc\ z = 0. 5&tW£fiO. l/im) $:ait^o r 

(7>pMG a A s P*Pb1B3 5 y T»Sa*it$J 1 

X 1 0 18 c m' 3 k £ 0 Zn^K-^nt^ 
S. 

[0 0 7 0] ££>(C N piGaAsPtr B 1l3 5^)±^ 
I*. plGaPl»feRi3 6 (ffil^tf. ff*ft7 /i 
m) &Mf&-tZ>o r^plGaPlW»l3 6tIll 
^■■T y 7 r »«^»2 X 1 O'-cm^^S^pCZn^ 

[0 0 7 J] pSG a Ptlt£»l3 6<O±M0»J 

^Au-ZnMIU, i*v*:«x.f*H?e^^ 
pili3 7^^J5jti-^ 0 G a A s 

Sffi3 1^Tffit:lt M&liAu-GeRj&^fcSnS! 
tS3 8^Ifia9Mno ^Ctot, LED 
3 0 0 7^J#i-£ o 

[0 0 7 2] _hffi(DJ: 5 «-«ric S^S*H«?B1I8<DLE 
D 3 0 OTN*, pSA 1 G a I n ? ±M9 7 y KB 3 
4, P SGaAs,P,,W3 5 N WpSGaPt 
3 6 <0»^£Rli, *tt-P*b5. 6 5 A, 5. 
55A^5. 45AT*fe£o 9 % p^G a A s 

.P.-,WI3 5^ PSAIGa InPlS^7^K 

i34t P SGa prnxtemm 3et <on<o»^m^ 
*«fti-s«j*<t*oT^s 0 z<Dm^mm3 5^ 

if*. 

[oo73] (gs 4 (Dmmmm) *&m<on 4 
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(Btd^itS^ft:**^^ IT, SBft^V^-K (L 
ED) 4 0 0$:. B4«:#ILTSSt6, 0 4l±. L 
ED 4 0 0<^*J5fiS:^i-WfcBiaT**>So 

[0 0 7 4 ] M4 i^TF-T J: 5> LED4 0 0-eit n 
iGa AsSfi4 lOlC, nS (AI.Ga,,) til 

I n 0 .«P (0 ^ x ^ 1 ) y y KB 4 2 (Wx 

tt\ x=l. O&l^ffSftl. 0/im) , (AI.Ga 
1-1) 0.51 I n 0-49 P (O^x^l) f£t£B4 3 <#J;t 
(*\ x = 0. 3RTfim£ffiO. 5 urn) „ WpM (A 
10 I ,Ga ,-,) 0.51 I n 0 .«P (O^x^l) ±W7'> 

KB 4 4 x = l. ORt^fSfil. 0/im) 

*\ M?kmmirZ> 0 ^<D?h, n MA l G a I n Pf^ 
^7 3/ KB4 2|dte, ^U7Ma5XlO"cm 
J: ?l£S i a* K-^tbTV^o — ^f. P iA 

l G a I n P _k£fl^ 7 y KB 4 4 tdli. y T»*J&5 

^J5 X 1 0 IT c m*kte2>& 0 Zn^K-/^ilT 
rtbb^nMT^^ 7 y KB 4 2. SttB 4 3 . 
Wpi±^^7'7Ki4 4^J:oT, L E D 4 0 0 <7) 

20 [0 0 7 5] ft^T% plAlGa I nPl^7^K 
I4 4 0±(^ pMGaAs,P,JlWi45 (#J 

z=0. 6&t>*J?£^0. l/im) , WpiG 
aAs,P,j2W46 (#JxJ*\ z = 0. 3&t>* 

ff^tto. i/im) *>ini-«s-r£o :^«iM2 

(^plG a A s P*PR]«4 5RXf4 6 (df£, ^rf U78 
«j&s*;h,*»x#5> l X i o 1, cm- , t4SJ:5l^ Zn^s 

[0 0 7 6] $ (bt-. ^20pSG a A s P*PflJB4 6 
cDJtt^ P lGaPtttM4 7 J¥*ft 
30 7jim) £r^j*1-£ 0 ^(OpS!G a P1SM14 7 
I*. ^rtU7iM2Xl 0"cm' 5 <l:^6 { t9(:Z 
n^ K-^ttTV^ 

[0 0 7 7] p SG a Ptftfeti 4 7 0±id#J 

itfAu-zni^MLT, -fL^mx-izmi^^? 

»^y^U P Slti4 8^Mt^ — G a A s 
SS4 l©Tffil:it 0iJ^.ii*Au-G eKd^JfeSnS 
««4 9«:SK#Jc:J:9?gfiK-r«>o rtti-«toT, LED 
4 0 0/^J&i-6o 

[0078] ±m<DX ?\zmf&£frz>*mffi.Mm<DLE 

40 D 4 0 0 p M A 1 G a I n P ^ =7 y KB 4 4 . p 

lGaAs,P,,»ltB84 5, piGaAs.P,., 
S2 4 3 ^B4 6. RUPMG a PliMf4 7 <D&* 
-tix-PttS. 65 A. 5. 57 A, 5. 5lA 
Sr/5. 45Air^oT^ I 9. plGaA Sl P,,Il 
TO4 5^U^p^G a A s,P 1 -j2«i4 6^. 
pSA IGa InP^7-7 KB 4 4b plG a Pl» 
114 7 t^lB^»^fi^*ttfti-S*fiEir*o-C^ 
r<0«ftSBl2ir^»2<Z>pS!Ga A s P*Pfl«4 5 

At/ 4 6(^J:S»^»^«ft^J;f3/*3ll6?eilB^ 
50 L E D 4 0 0 T'li. LED KJt-<T 
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[0079] (sb s (Dmrnrnm) *&m<Dm 5 (ommm 

ED) 5 0 0^ HI 5 (a) RXf (b) 4:#ffiLT»W 
-T-So 0 5 (a) W\ L ED 5 0 0CO^fiit^^i-^rS[gI 
" T*fc9. B5 (b) LED5 0 0©±a^7^KI 

[0 0 8 0] 15 (a) LED5 0 0T- 

tt x nMGaAslS5 1^_hi:, nM (Al.G 
a ,..) a« I n 0 .«P (0 ^ x ^ 1 ) TU? 7 y KB 
5 2 x=l. 0Xt*ff£**Jl. 0/im) , 

(Al.Ga i-O o.s» I n 0 .«P (0 ^ x ^ 1 ) Stt* 
5 3 (Mxitf. x = 0. 3&tW¥£»0. 5^m) , & 
tfpS (Al.Ga,.,) o.s. I no.«P (O^x^l) 
±«^7^K15 4 x=l. 0&tfJ¥£^ 

1. 0/im) 4:. NI^BI^o r<7>5*>, nlA 1 G 
a I n PT95^ 7 y KB 5 2 (Ct*. y 5 

x 1 0 1T c m"tt£&£o t-S i # K— ^*4xTV^S 0 
— *\ piA 1 G a I n ? ±.U? 7 V KJ§ 5 4 ^ 
+ J 7»S^fi 5 X 1 0" c 45 J: 5 IC, Zns&S 

K— ^Snrv^o ~tib<Dn%LT%$y' 7 y KB 5 2 „ 

ED 5 0 0©*3feaJSr'&tpaJB«5SdsJgfiS;StLS o 
[00 8 1] #C^T% p^A 1 G a I n p_tas^ 7 K 
Jf 5 4<Z>Jbl^ plGa^In.AKPmi5 5 

u = v = 0. 2 5ftt/J¥S#*jO. 1/im) «: 
r^plG a I n A 1 P^fflJiS 5 (CI*. * 

K— /^tt-CV^o 

[00 8 2] S £ U\ P SG a I n A 1 P ^fflJi 5 5 <D 
±\C^ P iGaPtIteSl5 6 l¥^^7 

//m) $rMt5 0 ro)piGaPt«a:«i5 6t 

K— ^StbTV^So 
[0 0 8 3] ftl-, piG a Pll^ilS 6<D±\Z&\ 
x.tfAu-Zn8t»}LT, rix«:«XL«n?»^* 
--^LTpS!li5 7WtSo G a A s 

m&5 KDTm^lt, «^.tfAu-GeRHft5ni 
«tt5 8Sr«#(iJ:'[9?gric-rS. :til:«J:oT, LED 
5 0 0^t6 o 

[0 0 8 4] 05 (b) I*. ±IE(OJ:3JwLX?gfiES*T, 
6*Hi^I^LED 5 0 0(^*5J*S, piAIGa I 
n P±SJ^^y KI5 4^1bpiGa P®ffiteSfeB5 6 

[0 0 8 5] 5fcl-ia 14 (b) *#BBLTRWLfcJ; 9 
(ci. ±a$^7^ K*i««Ett:akSi:^mti + BBJB4:#L 

ftt^Se*<©LED-C?fi, plAlGa InP^7yKS 
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t pig a paatitsfcst^ffi^v^r, e**Tia 

^^Ji^l^ti^^/l-^r-MO. 29eV(^;y^«4 

ED 5 0 OT'li. piA 1 G a I n P±^5^ 7 y Kg 5 
4 £ pMG a PttSE«:»Ji5 6 ctCOfclldpMA 1 G a I 
n P*F«1B5 5$rffAt5r <t(cj;9. y y^^ffl»<Z> 

10 ftO. 13eV<!:/^, iWMCKt6/'7f 
|**<Z>^*/U=¥— i£riSft:*T*W 0. 16eViftD, ^ 

[0 0 8 6] * 6 M x &nifeMn<D L E D 5 0 0 "CI*, 
p MA lGaInP^7-;F|54, p iA 1 G a I n 
PffiflJiS 5, pMG a P««E*fcSkJi5 6 0»-^£» 

*tl?tl5. 6 5 A. 5. 5 5AM5. 4 5 A t 
/ioT^^ pfAlGa lnPW!5 5^ plA 

1 G a I n P^ 7 y KB 5 4 £ pfG a PtITOi 5 

20 [0 0 8 7] ^com^mMd 5MJ;sy j/^iS*£ 
te^g^Sgfn^l^^ *HJKJgjBKJ:5LED5 
OOt'll «SfT^2. 5VCfcofciM«2 

[0 0 8 8] (fg 6 (DWt&Mm &&9l<DfR 6 
«B^*3WS*W»3S3te*^-i:LT, K (L 

ED) 6 0 04:. 06 (a) (b) Sr#BBL-CttW 

-T6 0 0 6 (a) |±, L ED 6 0 OCOSfiJc4:^-r©fffi0 
T-£>9. 0 6 (b) LED600©±«^73'Ki 

5o 

[0 0 8 9] 0 6 (a) fC^-r J; 5 L E D 6 0 01? 

nlGaAslffi6 1^±i^ nl (A 1 ,G 
a ,..) as. I n,«P (0 ^ x ^ 1 ) T&>? 7 V KB 
6 2 (fflift x=l. OXt/ffSttl. Ojim), 
(AUGa ,.,) o.si I n 0 .«P (0 £ x ^ 1 ) St£B 
6 3 mtUi* x = 0. 3&U=J?£^0. 5/im),S 
(/pi (A 1 ,Ga,J 0.5, I no.«P (OSx^l) 

40 ±95^ 7 y KB 6 4 (Wili, x=l. OSW^K) 
1 . 0 /i m) Sr. MM^ffiBi-^o nlAlG 
a I nPTS^7^Kl6 2|Ift y T 5 

X 1 0"cm^WJ:9i-S i *S K— ^StLTV^o 
— pM A 1 G a I n P±gfl^ 7 ^ KB 6 4 ^ 

K-Z^^TV^o Ztib<Dn%lTi$y-7y KB 6 2. 
SI416 3, ftU ! pI±S^7 3'Ka6 4l:J:ot, L 
E D 6 0 0 (^**8|5«r'&tpa[Ji«ig^?gfifcSixSo 
[0.0 9 0l*V^ p M±015^ 7^ KB 6 4 <D Jbld. 
50 plGaH-Jn.Al.PSlWeS 
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u = 0. 15, v = 0. 2 0WH^^0. 1 n m) . 

P SGaH-.In.AUP$2W6 6 

u = v = 0. 2 5Wi?$l^)0. 1/im) , WpiG 

a,-.J n.Al.P$3Wl6 7 <04x.tf, u = 

0. 35. v = 0. 3 0WJI^0. 1/im) ^PHi- 

a«-t*So ~<om\ . S2Wi3^ P SG a i n a i 

P-+HS6 5. 6 6W6 7CI1 ^r-ryrM^tl 
■Pixft 1 X 1 0 19 c m" 3 b?£Z) £ b i-Z K— ^StL 

[0091] £<biC. S3(^)piGa I n A I P*W1S 
6 7<D±{aX, pMG a Pt«a»l6 8 W 
Sft7/im) SrJgfiJtSo r^piGaPlttiSci6 
8 Ml*. ^tyTM»2Xl0 ,8 cm^/^J:5 

10 0 9 2] W:, pMG a Pm«&f»S6 8<D_h|;i0tJ 
x.tfAu-ZnlBS:aE*L-C, £fr&«£tfH»l^* 
-^yi/lTpSlti6 9^Mt^ G a A s 

1<£>T®MH «x.tfAu-GeRi»6ft5nI 
««6 1 0S:SS*^J:!9?B^i-S o rtvtci:or. LE 
D 6 0 O^^J5jci"5o 

[0 0 9 3) 0 6 (b) fcfc, ±K.<D£5lZlsXmfSL£ft 
S*HJS»1I8©LED6 0 0^*5ft5. piAlGal 
n P±ffl^7 ^ KS 6 4j&»& plG a Pt^tfei6 8 

[0 0 9 4] 5tt:il4 (b) *#ILtiaWLfcJ:5 
fcl^tSSfc^LED-m. piAlGaInPi«^7y 

KSi p^g a p«flE«:»Si:©»ig«i:*3t^"C. fi»* 

fflfi«^»Ji4g(c:tt=^^^— HO. 2 9 e VCD/ 

6LED600TU plA 1 G a I n P ±$b? 7 y K 
«6 4 irpSiGa P««£i£tkfli6 8ir©M^SBl, ?£2 
Xt;fS3©paGa InAlP*Hl6 5, 6 6&TJ6 

±f -5 / y SS3dS**"t?JB 0 . 0 8 e 

^-n^s^x^ o . i2evt/^, ^tb^etta*!s 
[oo95] $ h ^mmmm<D led6oo -m, 

p^A 1 Ga I nP^7^Fi64, piAl Gain 
P*l+W«65, p®A 1 Ga I n PIB2+WS6 
6, P iAlGaInPj3W^i67, pSGaPf 
«lt»i6 8<0»fS»^ ^rtt^ettS. 6 5 A. 5. 
60A. 5. 55A, 5. 5 1AW5. 45Ai6o 
T*59. pMAlGa InP|l-3Wll65-67 
pSAlGa I nP±S^^^Ki64ipSGa 



(10) M¥9-2 6 0 7 2 4 

18 

[0 0 9 6] :0«48l -^3^pSA 1 G a 1 n P 
*fH1S6 5-671^67 y^^ieSE^ft^SE^a 
Siit^J: 9. ■ *Hlfi?Bffi(cJ: 6LED 6 0 0TU 
ft«f-CI*tt 2 . 5 VCfcofcBM82 0mA<DI*O» 

[0097] (S7 <oni&tem) *&m<om 7 commm 

i Lt, K (L 

10 ED) 7 0 0t 07 (a) - (c) *#ILTR«t 
6 0 17 (a) li, L E D 7 0 0 OM^/Tt W1§T* 
*>9. B7 (b) fcfc, LED 7 0 OCOJigfS^ 7 y KBj&» 

0 7 (c) li, L E D 7 0 0 0±»^ 7 y Ki^ 5> t« 

[00 9 8] 17 (a) d^-f-i ? (C s L E D 7 0 0 T 
H niGaAsSffi7 10±^ nS (AUG 
20 a ,..) o. s . I n 0 .«P ( 0 ^ x ^ 1 ) TSfl^ 7 y KS 

7 2 (#J;U*\ x = l. O&tWSJKjl. 0/im) , 
(Al.Ga ,-.) 0.5, I n 0 .«P ( 0 £ x ^ 1 ) JgttB 
7 3 (#Jx.l*\ x = 0. 3 2«**£#*J0. 5//m) , ^ 
U^pM (A 1 B Ga,-,) „,I n 0 .«P (O^x^ 1) 
±»^7yKi7 4 («9x.tf. x=l. oxuWSJKj 
1. O^m) 4:. «g^aS-r-5o ^<Doh, niAlG 
a I n PTSB^ 7 y KS 7 2 MIS. U 7lS^^J 5 

X 1 0 17 c m-*t *S J: 5 t-S i i« K — 7*^11X^60 
— plAlGa InP±8C^7S'Kl74|Clt 
30 -V y Tlg^l^ 5 X 1 0 17 c m"^ ^ S J; 5 Z n 3* 
K— ^SixT^S. rtl/bOnSTSi^ 7 ^ KS 7 2 , 
Stti7 3, Xtfpi±»^7ifKi74U:J:or, L 
ED 7 0 0<O3S3teaJ*r-&tfttS«3fidS^Stt-6o 
[0 0 9 9] pMA 1 G a I n P±£fl^7 K 

S7 4cO±t^, pi (Al.Ga,-,,) ,. f I n.PtBI 
7 5 («X.tf. HfE£^0. l#im) ^riif^o r^)p 
MA 1 Ga I n P*raS7 5 tt, mj^fe^t-^o ^ u & 1 
3><b0^ x Sfcv&O. 4 9^e>0^ttW^3Efk*Hir 
-5r^iC<fcoT. ^^M^Al..s,I n 0 .«P^f?G 
40 a P*t?ii|ftW^3E{b:*-&So SfeJ-. piAlGal 
n P*|fflJi 7 5 fcli, y 7fig^* 1 X 1 0 18 c m 

[0100] p S A 1 G a I n P *Hfl/i 7 5 <D±\Zi^ 
plGaPl««l7 6 Mx.ll m£m7tim) % 
Mt^) 0 ^(DpSLG a Pt«»I 7 6 
Ta«^SJKi2 x 1 0 ,8 c m-ift5J: 9i-Z n35 K-7" 

[0 10 1] p£!G a PlSfeii 7 6<D±ICM 

50 — ^>^LtpStfi7 7^r?^fiSci-r'5o — GaAs 
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mWL7 1 £>Tffil-f*. #Jx.tfA u - G e»^/^ni 
««7 8«:IR*«c:J:!9JKrit-4--5o ^*U-<i:oT, LED 

7 o oas^fiE-rs. 

[0102] i7 (b) fc£, ± 1 gd.<D£.ilzLXMf3L£ti 
§*»1«LED 7 0 0(d*3t*S, piAlGa 1 
n P±«J^7S> K17 4^^plG a P«M§7 6 

[0 10 3] ifetcH 14 (b) Sr^SLtRfllfeJ: 5 
piAlGa InPlS^7yKiiplGaPt 

*i£SfeS t <e>iw * ms £ *r l * v l e d -e . 

pSMGa In P ±_U2 =7 y KJf <h plGa P«8E*£ 

0. 2 5 e VCD/ s/^;&S38£U ffi«^«±*Bf-Ji3c* 
/^-i0. 2 9 e V©y iS«4t5 0 ^HML 

piA 1 G a I n P_L£|$^ 7 S> KJI 7 4 £ pMG a Pf 

«Ett«»7 6 iOBBtc MW^Ji^ftt^piA 

1 G a I n P+WJS7 5 £rffiA"r £ r <t J; 9 s / ^ 

[0104] $ piA 1 G a I n P^Pal/I 7 5 CO 

ffi^igawncgEfklcittfeo-c, HI 7 (c) M^-TJ: 

pSAlGa InPlS^7jyK«74^P)pS 

g a pm^&fifc/i 7 6 jdd*Wr<z>»^S»fiil«W^X 

fb-T^o plAlGa InPlS^9^KI 

7 4 <h piG a PlSfe|i(l7 6 £ (OBH^ft^S^S 

[0105] CCOfil^y ty^Offi«Rtm^F«E-&£>« 
fPi^^oT, *H»iia5LED7 0 0TH ffi* 
ft«"C«Cift2. 5 VT*>ofc»^«aE2 0mACDB#C0tb 

[0106] (is (ommmm) *&m<om s commm 

»m5^*«**fiLX, K (L 

ED) 8 0 0?:. 08 (a) - (c) *#IJBLTl&9H- 
5, B8 (a) ^ ( c ) 14, L E D 8 0 0 Olfcj&RU^ 

osagxs & Ts^-r m db 0 T?a> 5 o 

[0 10 7] LED8 OO^KaSidfc^orfi. *i*H 

8 (a) id^-TctpM, n^G a A sS®8 1 CO_h(^n 
S! (A l.Ga ,.,) „„ I n 0 .«P (0 £ x ^ 1 ) T£tf 
^7^K18 2 («*tf, x=l. OMJWftl. 0 

m) , (A 1 ,G a .-0 0 .s, I n 0 «P ( 0 ^ x ^ 

1) st*ii8 3 x = o. 3Axfmzmo. 5 

Aim) , Wpi (A l.Ga,-.) .,.1 n^P (0 
^x^l) ±M?7y\?mS4 x=l. 0& 

uwstti. o//m) m^fflg-r^o rcOp-t>. n 

MA 1 G a I n PTS^ 7 V K/I 8 2 iCfi, ]) 78 

S^#J5 X 1 0 ,7 c m-*kteZ> J; 9t-S i a* K— ^$tt 
TV^£ 0 — ^ x p ^A 1 G a I n P J:^^ 7 y KJB 8 4 
Kl*, y r»*3ftS#Sj5 X 1 0 ,7 c m-i<C5J: 9 
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ior, led s 0 0 <Dm%^*^temmmmifrWif&ts 

[0 10 8] ftl/^, piA 1 G a I n P_hffl5^ 7 S> K 
JI8 4<D±(^ piGa^I n.A l,P^rBll8 5 

u = v = 0. 2 5&T>W£,#J0. 1 /i m) * 
a^-T^o rcOpMG a I n A 1 P^PhIJI 8 5 Cl(i. # 
tli7jgg»lX10 18 cm^/^i:3l:> Zn^ 
10 K— ^Sixrv^So 

[0 10 9] piG a I n A 1 P 8 5 0±(d(4. 

plGa P#ty^S8 6«rfiEfifSo 9:1-, GaP^r 
-Y *y-7ms 5<D±{^^ P lGaPlg8 7^g a B H M" 

ife^-^rgBg-r^o se>t^ p sg a ps^s 7co±ic 

jBSftfi*<Ofi»9 8 8SrSHi\ H a #HSt*(CT#?J 6 5 
oncTjRfeaSrtTo-c. GaP^-r^/iseipiG 
a PSffis 7 t ^m^^-ti:5o rcopMG 

a PSS8 7 f£ v Mf&£tlZ> L ED 8 0 OCDmStifcifeS 
87i LtitEtS, 
20 [0 110] ^cof^i^, 0 8 (b) M^iTJ: 9 pi 
G a Pm«&f&/§8 7<D±\C P mmmS 9£. J&HH^n 

^^fy/Lt 1 0 m mSffiOffS^Lfcaid. n^G 
a A s£^8 1 ©M4ftlCt)fcoTna«S8 1 0 £ 
^jFfclhS (0 8 (b) ) 0 

[0111] ^(Om^, ms (c) (C^-Ti: 9 i^. ni 
^^8 1 O&tKG a A sl^8 1^7thyy^77^ 
— 9iBSft?Ktt^3:y^V^L"C, LED 8 0 0 £ 
30 ?#5 0 

[0112] j^_h(7)j: ?{z.m&£n&*mmBM(DLE 

D 8 0 0 T(4. « 5 (DmMMm<D L E D 5 0 0 k 

rtt^co^idi; 19 N *:|lte^ffl|iCj:-5LED 8 0 0 "C 
'&&&ffiX*tem 2 . 5 V-CfcoJtlbfts«at2 0mA 

[0 113] (^9cr>H^fl§) *&W<Dm9<DmMM 
40 ffi«il*5W5*a»ft55**^i: IT, K (L 

ED) 9 0 05:, 09 (a) - (c) «:#IS LTR9H- 
09 (a) - (c) (4. LED 9 0 0«SW 

[0 1 14] LED 9 0 OCOi^iC&fcoTI*. tfH 
9 (a) l:i7jM-J:5M. nMG a A sg£9 1 (D±\Cn 
M (Al.Ga ,..) o. 81 I n„.«P (0 ^ x ^ 1 ) T^R 

^55>KJI92 («x.li, x=i. oar/ff$tti. 0 

pm) , (Al.Ga ,-.) 05 . I n 0 .«P (0 ^ x ^ 
1) ^19 3 (fiflj&tf, x = 0. 3^U^JP$^J0. 5 
50 /1 m) . Wpi (A 1 ,G a ,-,) 0 .« I n 0 .«P (0 
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^ x ^ 1 ) ±«5?7:yKB9 4 (0»]*.tf, x = 1 . OR 

iA 1 G a In PTffi^ 7 S> KB 9 2 (iji. * * !l7ig 
Shifts X 1 0 17 c m->kteZ>£ ?I-S i ^ K—y^ix 
Tl^o — P§1A 1 G a I n PJl£&^ 7 y KB 9 4 

l^, Z n ^ K— ^^tfCV^So rtl?>©nSTaS^7y 
KI9 2, 9 3, RXlp m±.%? y v KB 9 4 K 

" j;ot, LED 9 0 0<D&ft&&<£t*mmm3&&Mf££ 

[0 1 151 ft^-e, pSAlGa InPltt^7yK 
®9 4C0±i-, n ( AUP^F B 1l9 5 

(W^Ll*. u = v=0. 2 5&TW£**J0. 1 /i m) £ 
SB^-So :^)pSG a I n A 1 P*Pb1B9 5 lZ.lt ^ * 
ty7M»lxiO"cm' J ( !:^6i:?^ Zn^ 

K-^tbTV^ 

[0116] piGalnAlP 9 5 <D±\C&, 

nSGa P«SER§JhH9 6 ff£&)0. 3m 

m) ^fiScSi"6o &t-. nSGa P«jEBaihS9 6<Z>± 

= l/is* b 9 7 ^itir, 
x^f^liaoTnlGa P«aeB&JfcS9 6 £r#J 
A.«R^co»tt(c:J!jPX-rs (H9 (b) #JH) „ 

[0 1 17] aiy^V^ftTSfcl-Uv?^ h 9 7£[&£L 
/t&l^ n ®«acFfiibJi 9 6^)il:, pSGaPtittt 

mg a psaetttfeJi 9 s TM&&m 2 x 1 

[0118] frd, p gjG a Pm«teSfc® 9 8 <D±\zW 

--y^LTpiti9 9£JgfiW5o G a A s 

*R9 !<£>TBfc:i*, flxtfAu-GeBd>&Wna 
««9 l 0£S8»l;iJ:9»jS-r<5. £ixfc:J:oT\ LE 
D 9 0 0^dt"*-5 o 

[0 119] ±IE«a6Sr*i-S*HJtJKlfiOLED9 0 
OTti. pffl««9 9^5>aASaxfc«SIEl±. pSGa 
P1IMI9 8<J5tt?nSG a P1BMI9 6^ 
9 % *:<Z>»MpS!A 1 Ga I n P ±$b? 7 v 
KB 9 4(iaA^^5o ro* 

(ipS«»9 9^aTa^otBBft?*CS<OT. fflftft 
(^P^x*p§!mfii9 9(^J;oT«5ff t>*tS*d51B:i*Six 

[0120] ^±<£>j: p^M$ii5*IIWi^LE 

D9 0 0m S5(OHl»l©LED5 0 0 

r*ie>©ja*l-J:9. «Wii:J;5LED9 00T 

[0 12 1] £A±^RWL/c«-H*li?KliT»*, *P*I]B£ 



(12) »9 -2 6 0 7 2 4 

22 

[0122] W±<o#HJfi^JioRWTtt. ±Sfl^ 7 y 

J3\ G a P&0*A 1 G a P<^3?*Sr#tf A 1 G a P^£> 

[0123] ¥<D£?tmmm%®im-rz>Wi'£x*h. 

l 0*#StTR?lt-5o 

[0 1 2 4]'il Olt Appl. Phys. Lett.. Vol.60. N 
o.5, pp. 630-632 ( 1992) ClfS®£*LT 1^-5. 

So AfrWtdfi. I^^cDfnti, -?rtt^ftb^2 7c;«SJ-o 
30 iWnyhtfci tt&U S iftl5Ge«:Bfc<) 0 

[0 12 5] r. A 1 PltGa PJl£:?>fg^£ 

nrv^w^T^^v^^ Hi O^^-CcD^n bfe 

40 [0126] *1\ ai^/Wdf w< V K/p 77^f 

[01 27] ^<Dt$, G a PJiXl^A 1 Pi^fii§ 

(1 ) Rtfjfi (2) t?fcS e G a P^^T^A 1 P 

CO»(*(Ojfii (3) &Xfi& (4) T'^>S 0 {^oT, ^FbI^ 

(1) (2) k<Dm\Cf£l£l,^ iffi® 

^»±«<03i^yu^—ttBd$^ (3) (4) i« 

50 (rffiB-TSJ:5ft»J|sf«:, IW6 0 
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[0 12 8] *^*JC*B-rS.»&J-tt, Ga 

(5) XtMaL (6) -CfcSri^ feT-^cO 

tit ^*r»t LTiismxii'cti/v 

[0129] #*7£&RXfi**si'*-'<> K/o7r^ 

[oi 30] ^cox o ct5ri iaox, 5a«j**ra 

[0 13 1] ±ET?»Wbfc«-^llS»lfi"Ct*. *MS<Z> 
^tl)7M^»lXl0 18 cm- 3 HTl^^ 
twtt» 1 X 1 0 ,7 c m 3 — m 1 X 1 O^cm^^rt I) 

v\ **yr»fiau:iE4>»fflJ:9 t>/J>£^<b. *bujb 

[0 13 2] *fc/#*«i»*B©LED(2:i3V^X. *IH 

[0 1 3 3] ±E<0#HIS«5tt^*5l*5*«<0» 
fi/fcfttiU MOCVD^ MBEjSfe. MOMBEft, L 

[0 13 4] COS i n/<Ci:<©^*fi*^ 

Stt-5^tt*i: LTIi, S i *IM*Z n^ft&f, S 

JBl^S 5, 
[0 13 5] 
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io [Hffi<0ffi*tt&9n 

[0 1] (a) *5SW<^»lO|IJS?Kffi^*5^S* 
^ffS^S^OW^Sr^-rWrffiia-efcO, (b) I*. * 

[B2] (a) (i. **WO»2(Z>JI*fe»ffiJ-*5WS^ 

#^^^^j^^^-r»f®iii"e*> l 5^ (b) is, * 

[0 3] 3 0|lllS?gffi^*3(tS 

20 *<Dffif&&7n-rmmmx*h% 0 

[04] **WO«4<D3Sft^ffi^^S^3lff*3te* 

[0 5] UM*. *J£W<0»5<©iaSJBIBtii*3»tS* 
*«c«*lll^«>»fi6S:^"**Bren0-C*>9. (b) I*, * 

s<> K^n 7r-f/^4:«S;Wt-^"*"0'C*)S. 

[0 6] (a) (i, 6 OHlt*lfil-*3»5¥ 

^^*^^ L ^fi!c^^i-»fDiI^"Cfc'9. (b) tt\ * 

[0 7] (a) ^P^<7>m7COH^SItC*5^5^ 

*fr**3R^«ri6S:*"t*Wrffi0"t?*>9. (b) hfc, * 
KT'o 7 r 4 /u*:**Ml^i-0"C*> 9 . ( c ) 

[0 8] (a) ~ (c) fit. **W^*8 0^iK»l[Bt- 

®0trfc-5o 

40 [0 9] (a) — (c) fi. ^^<^^9<0^ffi^l®t' 

ffi0t?*>So 

[01 0] «-«©fk^»^3|L«:»3|s»-*s^S, e»«FT 
[011] «6*^)4 & *ff*** : f-<O«*S:^Wrffi0-e 

[012] (a) ~ (c) J*. «*<0tt<Z>¥Wft##* 
50 [013] (a) - (c) ^Wflcttfi-ffi'&l*©^^ 



(14) 
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-f i - i i i ^«^<o«^^^^-e^**w^^-r^^ 

[HI 4] (a) - (c) fi, ttJfe^^WflC***^^ 

So 

[Hi 5] (a) (b) li, ^ttWJ-JiS^M^ 

[»tO)K«] 

11 niG a A s 

1 2 niA 1 G a I n PT»^ 7 3/ Kg 

13 A 1 G a I n P?£t£g 

1 4 pMA 1 G a I n P±ffl5^ 7 y Kg 

1 5 pSA 1 I n A s 

16 piG a PiSfetl 

1 7 pi^^ 

1 8 nSfflf 

2 1 n®G a A s g& 

2 2 nlA 1 G a I n PT^U^ 7 ^ Kg 

2 3 A 1 G a I n PfSteH 

2 4 plA 1 G a I n P ±M? 7 V Kg 

2 5 p MA UnAsSl *R3J1 

2 6 piA 1 I nAsS2« 

2 7 pMGaPl«tti 

2 8 pili 

2 9 n SIS 

3 1 nSGaAsSS 

3 2 n i A 1 G a I n P T&$^ 7 y Kg 

3 3 AlGaln P7£t£g 

3 4 piA 1 G a I n P±fiS^ 7 ty Kg 

3 5 pMGa AsP^fli 

3 6 plGaPtSrai 

3 7 p SIS 

3 8 nSli 

4 1 niG a A s S£ 

4 2 nlA 1 G a I n PT&S^ 7 3/ Kg 

4 3 A 1 G a I n Pfgfig 

4 4 plA 1 G a I n P_L»S^7 V Kg 

4 5 piG a A s PM 1 

4 6 P SGaAsP^2 4>r H 1i 

4 7 pSGaPtSMl 

4 8 p I8K 

4 9 nlli 

5 1 niG a A sg£ 

5 2 niA 1 G a I n PTSTi^ 7 y Kg 

5 3 A 1 G a I n Pfgf£g 

5 4 pSA 1 G a I n PJbfflS^7 y Kg 

5 5 pSAlGalnPtHi 

5 6 p^G a P-m 
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10 



20 



30 



40 



57 P mmm 

5 8 n *Bfllffi 

6 1 niG a A s 

62 niAlGa In PT^^ 7 ty KS 

6 3 A I G a In P?£t4g 

6 4 pMA 1 G a I n P ±M? =7 V KJI 

6 5 piA IGalnPSi +Pb1S 

6 6 pSA 1 Ga I n P»2*ffl« 

6 7 piA I G a I n P^3+^g 

6 8 pSG a PSfflt&ftfeg 

6 9 p gsws 

6 1 0 nitffi, 

7 1 niG a A s g& 

7 2 n MA 1 G a I n P T£tf^ 7 5> KJS 

7 3 A 1 G a I n P SttS 

7 4 piA 1 G a I n P±&S^ 7 s> KS 

7 5 pMA 1 G a I n P^BflS 

7 6 piGa P««EttRg 

7 7 pS«fli 

7 8 n gffitii 

8 1 niG a A s mWL 

8 2 niA 1 G a I n PT^^ 7 y KJ5 

8 3 A 1 G a In P?£t4g 

8 4 plA 1 G a I n P±£fl^9 y KJj 

8 5 piA 1 G a I n PtfflS 

8 6 piGa P^-Y^ym 

8 7 p Mg a PSS (mffi&Efeg) 

8 8 £<9 

8 9 p MM® 

8 i o nmm.M 

9 1 niG a A s g& 

9 2 nSA 1 G a I n PT£fl^ 7 y KJS 

9 3 A 1 G a I n PStti 

9 4 plA 1 G a I n P±gf$^ 7 * KJ 

9 5 pSA 1 G a I n P+BBB 

9 6 n§}G a P^StPlltg 

9 7 Ui/^ h 

9 8 pSG a P«8E*£»8 

9 9 p Itffi 

9 1 0 nSli 
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1 0 


niG a A 


s 


SstK 


1 


2 0 


niA 1 G 


a 


I n PTai^7'7 KJ 


1 


3 0 


A 1 G a I 


n 


PfSteg 


1 


4 0 


piA 1 G 


a 


I n P ±SS ^ 9 y K 


1 


5 0 


piG a P 


m 


ffi&iffcg 


1 


6 0 


pSti 






1 


7 0 


nili 






2 


1 0 


niG a A 


s 




2 


2 0 


niA 1 G 


a 


I n PT^^7 ^ K 


2 3 0 


A 1 G a I 


n 


pm&m 
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1 2 4 0 piA 1 G a I n P±gfl^ y •y Yl 
1 2 5 0 pSG a P^ir -y^m 
1 2 6 0 pSGa Pfi« («8tte»B) 
1 2 7 0 S"9 

1280 p mnm 



(15) 
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* 1 2 9 0 n 

1 0 0. 2 0 0. 3 0 0, 4 0 0, 5 0 0. 6 0 0, 7 
00, 800. 900. 1100, 1200 WJtV V 
si— K (LED) 
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p-AIGatnP / p-GaP 
p-AtGalnP^Hft 
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0.04eV O.OSeV O.OSeV 0.07©V 



O.12e\/o.O4ev|o.O3eVVl.1O0V 
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p-AIGafnPaffiqiaJlf p AJGalnPSff3 4>SJB 
P -AfGarnP^2rpH« 
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